immune mechanisms. Vaccines are prepared from live modified organisms, inactivated or killed organisms, extracted cellular fractions, toxoids, or a combination thereof. [7, 8] the IMMune response
The primary response
When an antigen is administered for the first time to an animal or human, there is a latent period of induction of 3-10 days before antibodies appear in the blood. The antibody that is elicited first is entirely of the IgM type. The IgM antibody titer rises steadily during the next 2-3 days, reaches a peak level, and then declines almost as fast as it developed. Meanwhile, if the antigenic stimulus was sufficient, the IgG antibody appears in a few days. IgG reaches a peak in 7-10 days and then gradually falls over a period of weeks or months. An important outcome of the primary antigenic challenge is the education of the reticuloendothelial system of the body. Both B and T lymphocytes produce what are known as "memory cells" or primed cells. These cells are responsible for the immunological memory that is established after immunization.
Secondary (booster response)
The response to a booster dose differs in a number of ways from the primary response. The secondary response also involves the production of IgM and IgG antibodies. A collaboration between B and T cells is necessary to initiate a secondary response. There is a brief production of the IgM antibody and a much larger and more prolonged production of the IgG antibody. This accelerated response is attributed to immunological memory. The immune response (primary and secondary) and immunological memory are the basis of vaccination and revaccination. [9, 10] antIgenIc coMponents of StreptococcuS mutanS What bacterial components make the most effective vaccines? Preclinical studies reveal that several of the protein components involved in the molecular pathogenesis of mutans streptococci can induce protective immunity. Furthermore, protective immunity can be achieved by concentrating the immune response on suspected functional elements of these components either using synthetic peptides or recombinant DNA approaches that permit the expression of complete functional domains.
Adhesins, for example, the family of adhesions from S. mutans and Streptococcus sobrinus have been shown to be effective antigens, both as intact proteins and as subunit vaccines. These single polypeptide chains are approximately 1600 residues in length and in S. mutans, contain salivary binding domains associated with an alanine-rich tandem repeating region in the N terminal third and a proline-rich repeat region in the centre of the molecule. Abundant in vitro and in vivo evidence using a variety of active and passive immunization approaches indicates that antibody with specificity for mutans streptococcal adhesins can interfere with bacterial adherence and subsequent dental caries caused by S. mutans. Effective subunit vaccines have been designed using synthetic peptides or recombinant proteins to direct the immune response to domains of salivary binding function. Immunization with these constructs is also protective in experimental systems. Protection in these experiments could conceivably occur by antibody blockade of initial colonization events in the dental biofilm or by antibody-mediated aggregation and clearing of adhesion bearing streptococci from the "bulk fluid" salivary phase.
glucosyltransferases
Mutans streptococci that have lost the ability to make glucan through natural or induced mutations in glucosyltransferase (GTF) genes do not produce significant disease in animal models. The growth of mutans streptococci in the presence of antibody to GTF significantly diminishes the amount of biofilm on glass surfaces. Thus, it was not surprising that immunization studies using intact GTF vaccines successfully protected animals infected with S. mutans. Passive administration of antibody to GTF in the diet was also protective. GTF is an interesting protein in that it does several things. This enzyme cleaves the bond between the glucose and fructose moieties in sucrose. Activated glucose is then transferred to a growing glucan polymer. Glucans can also bind to an area of repeating sequences in the C terminal third of the enzyme. These areas of function offered several possibilities for more targeted immune responses. Synthetic peptide or recombinant protein vaccines, designed to include one or more suspected areas of function, protect animal models from experimental dental caries. Since GTFs from the two major cariogenic streptococcal species in humans, S. mutans, and S. sobrinus have very similar sequences in these functional domains, immunization with GTF protein or subunit vaccines from one species can induce a measure of protection for the other species. Thus, the presence of antibody to GTF in the oral cavity, before infection, can significantly influence the disease outcome, presumably by interference with one or more of the functional activities of the enzyme.
glucan-bIndIng proteIns
Since glucan-binding proteins (Gbp) on the surface of mutans streptococcal cells may provide the receptors for glucan-mediated aggregation, these proteins have also received attention as vaccines. Of the three S. mutans Gbp identified to date, only GbpB has been shown to induce protective immune responses to experimental dental caries. Interestingly, salivas of young children often contain IgA antibody to GbpB, indicating that initial infection with S. mutans can lead to natural induction of immunity to this protein. Bioinformatic methods of identifying molecular regions responsible for this immunogenicity have yielded at least one GbpB subunit vaccine that was effective in preclinical studies. Unlike GTF, however, protection induced by S. mutans GbpB does not extend to S. sobrinus species. [11] [12] [13] [14] of the antigen, the nasal-associated lymphoid tissue, has been used to induce immunity to many bacterial antigens including those associated with mutans Streptococcal colonization and accumulation. Protective immunity after infection with cariogenic mutans streptococci could be induced in rats by the intranasal route with many S. mutans antigens or functional domains associated with these components. Protection could be demonstrated with S. mutans Ag I/II, the saliinding region (SBR) of Ag I/II, a 19-mer sequence within the SBR, the glucan binding domain of S. mutans, GbpB, and fimbrial preparations from S. mutans with antigen alone or combined with mucosal adjuvants.
Tonsillar route
The ability of tonsillar application of antigens to induce immune responses in the oral cavity is of great interest. The tonsillar tissue contains the required elements of immune induction of SIgA responses although IgG, rather than IgA, response characteristics are dominant in this tissue. Nonetheless, the palatine tonsils, and especially the nasopharyngeal tonsils, have been suggested to contribute precursor cells to mucosal effector sites, such as the salivary glands. In this regard, the experiments have shown that topical application of formalin-killed S. sobrinus cells in rabbits can induce a salivary immune response, which can significantly decrease the consequences of infection with cariogenic S. sobrinus. Interestingly, repeated tonsillar application of a particulate antigen can induce the appearance of IgA antibodies producing cells in both the major and minor salivary glands of the rabbit.
Minor salivary gland
The minor salivary glands populate the lips, cheeks, and soft palate. These glands have been suggested as potential routes for mucosal induction of salivary immune responses, given their short, broad secretory ducts that facilitate retrograde access of bacteria and their products and give the lymphatic tissue aggregates that are often found to be associated with these ducts. Experiments in which S. sobrinus GTF was topically administered onto the lower lips of young adults have suggested that this route may have potential for dental caries vaccine delivery. In these experiments, those who received labial application of GTF had a significantly lower proportion of indigenous S. mutans/total Streptococcal flora in their whole saliva during a 6-week period following a dental prophylaxis, compared with a placebo group.
Rectal
More remote mucosal sites have also been investigated for their inductive potential. For example, rectal immunization with nonoral bacterial antigens such as Helicobacter pylori or Streptococcus pneumoniae, presented in the context of toxin-based adjuvant, can result in the appearance of SIgA antibodies in distant salivary sites. The colorectal region as an inductive location for mucosal immune responses in humans is suggested from the fact that this site has the highest concentration of lymphoid follicles in the lower intestinal tract. Preliminary studies have indicated that this route could also be
routes of IMMunIzatIon
In general, four routes of immunization have been used with S. mutans: 1. Oral 2. Systemic (subcutaneous) 3. Active gingivo-salivary 4. Passive dental immunization.
coMMon Mucosal IMMune systeM
Mucosal applications of dental caries vaccines are generally preferred for the induction of SIgA antibodies in the salivary compartment since this immunoglobulin constitutes the major immune component of major and minor salivary gland secretions. Many investigators have shown that exposure of an antigen to a mucosally associated lymphoid tissue in the gut, nasal, bronchial, or rectal site can give rise to immune responses not only in the region of induction but also in remote locations. This has given rise to the notion of a "common mucosal immune system." Consequently, several mucosal routes have been used to induce protective immune responses to dental caries vaccine antigens. [15] [16] [17] [18] [19] 
Oral route
Many of the earlier studies relied on oral induction of immunity in the gut-associated lymphoid tissue to elicit protective salivary IgA antibody responses. In these studies, an antigen was applied by oral feeding, gastric intubation, or in vaccine containing capsules or liposome. Killed S. mutans was administered to germ-free rats in drinking water for 45 days before implantation of live S. mutans and then throughout the experimental period. A significant reduction in caries was related to an increased level of salivary IgA antibodies to S. mutans, as the serum antibody titer was minimal. Oral immunization with S. mutans did not induce significant SIgA in monkeys. Daily administration of 10 cells of S. mutans in capsules produced a small increase in SIgA. The oral route failed to reduce caries significantly, as compared with subcutaneous immunization. The rise in secretory antibodies produced was small and of short duration, even after secondary immunization. Experiments in humans of the ingestion of S. mutans in gelatins capsules resulted in an increase in SIgA antibodies in saliva, although for a limited time only. Immunological memory in SIgA responses is rather limited, and this may curtail the value of oral immunization. Although the oral route was not ideal for reasons including the detrimental effects of stomach acidity on antigen, or because inductive sites were relatively distant, experiments with this route established that induction of mucosal immunity alone was sufficient to change the course of infection with S. mutans and disease in animal models and in humans.
Intranasal route
More recently, attempts have been made to induce protective immunity in mucosal inductive sites that are in closer anatomical relationship to the oral cavity. Intranasal installation used to induce salivary IgA responses to mutans streptococcal antigens such as GTF. One could, therefore, foresee the use of vaccine suppositories as one alternative for children in whom respiratory ailments preclude the intranasal application of the vaccine.
systeMIc route of IMMunIzatIon
Subcutaneous administration of S. mutans was used successfully in monkeys and elicited predominantly serum IgG, IgM, and IgA antibodies. The antibodies find their way into the oral cavity through gingival crevicular fluid and are protective against dental caries. Whole cells, cell walls, and the 185 KD Streptococcal antigen have been administered on 2-4 occasions. A subcutaneous injection of killed cells of S. mutans in Freund's incomplete adjuvant or aluminum hydroxide elicits IgG, IgM, and IgA classes of antibodies. Studies have shown that IgG antibodies are well maintained at a high titer, IgM antibodies progressively fall, and IgA antibodies increase slowly in titer. The development of serum IgG antibodies takes place within months of immunization, reaching a tire of up to 1:1280 with no change in antibodies being found in the corresponding sham-immunized monkeys. Protection against caries was associated predominantly with increased serum IgG antibodies.
actIve gIngIvo-salIvary route
There has been some concern expressed regarding the side effects of using these vaccines with the other routes. To limit these potential side effects and to localize the immune response, gingival crevicular fluid has been used as the route of administration. Apart from the IgG, it is also associated with increased IgA levels.
The various modalities tried were as follows:
• Injecting lysozyme into rabbit gingival, which elicited local antibodies from cell response • Brushing live S. mutans onto the gingiva of rhesus monkeys, which failed to induce antibody formation • Using smaller molecular weight Streptococci antigen which resulted in better performance probably due to better penetration.
passIve IMMunIzatIon-an alternatIve approach
An alternative approach lies in the development of antibodies suitable for passive oral application against dental caries. This has considerable potential advantage in that it completely avoids any risks that might arise from active immunization. Conversely, in the absence of any active response on the part of the recipient, there is no induction of immunological memory, and the administered antibodies can persist in the mouth for only a few hours at most or up to 3 days in plaque. Strategies include the development of antibodies to mutans streptococcal antigens in cow's milk and hen's eggs and the genetic engineering of human-like S-IgA antibodies in plants. Animal experiments have been encouraging: For example, the administration of chicken egg IgY antibodies to Gbp diminished the development of caries lesions in a rat model. Mouse monoclonal antibodies to AgI/II applied topically inhibited oral colonization by mutans streptococci and development of caries in monkeys for at least 1 year. Similar treatment, after extensive oral prophylaxis, of a small number of human adult volunteers with this IgG, or with engineered "human" SIgA antibodies derived from the same monoclonal antibody, also suppressed the re-emergence of mutans streptococci for up to 2 years or 4 months, respectively. The plausible though unproven explanation offered for these findings was that once mutans streptococci had been displaced by prophylaxis, passive application of antibody prevented their immediate re-colonization so that their oral "niche" became occupied by other species with the result that their re-emergence was suppressed for far longer than the antibody persisted in the mouth. Unfortunately, further experiments on larger numbers of adults have not consistently demonstrated equivalent long-term reductions in colonization. Whether a similar application of antibodies to young infants might inhibit subsequent oral colonization by mutans, streptococci remain to be determined. However, in spite of these disappointments, collectively these studies clearly demonstrate the potential of antibodies to interfere with the ability of mutans streptococci to colonize teeth and to inhibit caries development. The key question then becomes: How can such antibodies be effectively delivered orally in caries-susceptible individuals and maintained at a protective level for the required length of time? Active vaccination has the advantage of inducing the endogenous production of salivary antibodies and the establishment of immune memory but requires a commitment to performing the human trials necessary to establish safety and efficacy. Passive administration of preformed exogenous antibodies offers the advantage of evading risks, however small, that are inherent in any active immunization procedure, but the need to provide a continuous source of antibodies to maintain protection over a prolonged time remains a major challenge.
Although new technologies for antibody engineering and production in animals or especially in plants ("plantibodies") offer the prospect of reducing the costs sufficiently to enable these materials to be incorporated into products for daily use, such as mouthwashes and dentifrices, long-term efficacy has yet to be reliably demonstrated. [20] [21] [22] [23] prospects for the twenty-fIrst century
Although current understanding holds that oral colonization with mutans streptococci mainly occurs during a "window of infectivity" at around 2 years of age after primary teeth begin to erupt, it is unclear whether further opportunities for colonization exist, for example, when children enter school and mix socially with a much larger group of their peers, or when the permanent teeth erupt. Two corollaries arise from such considerations: (i) that it would be necessary to immunize infants or young children to provide immune protection before initial colonization with mutans streptococci; (ii) that booster immunization to recall responses might be desirable to forestall colonization at later time points. As the transmission of mutans streptococci appears to be primarily from mother to infant (Li and Caufield, 1995) , a third possibility is that young mothers might be immunized actively or passively with the objective of reducing their oral load of mutans streptococci (possibly in combination with conventional prophylaxis or other interventions), thereby diminishing the probability and extent of transmission to their infants. If the transferred bacteria are coated with maternal salivary antibodies, this would likely reduce their capacity to colonize the infant's mouth. It has been suggested that immunization of young mothers to induce the generation.
During the past 2 decades, numerous advancements have been made toward the development of a safe caries vaccine for use in humans. The early demonstration in experimental animal models that salivary IgA antibodies to S. mutans were able to protect against caries formation led to studies aimed at determining immune mechanisms involved in the induction and regulation of salivary IgA antibody responses and properties of a vaccine which would be effective in inducing caries immunity and yet be safe for use in humans.
Although development of a vaccine for tooth decay has been under investigation for more than 30 years but no success was achieved in this area. In 1972, a caries vaccine was said to be in animal testing in England and that it would have begun human testing soon. Intrinsic difficulties in developing it, coupled with lack of strong economic interests are the reasons why no such vaccine is commercially available as of 2015. Then How to treat this disease? Use of fluoride in its many forms, use of sugarless products and sealants, and increased access to dental care are among the approaches that have had a significant impact on the amount of disease of the young and economically advantaged. Many of these approaches can be broadly effective. However, economic, behavioral, or cultural barriers to their use have continued the epidemic of dental disease in the mouths of many children in our global village.
conclusIon
Undoubtedly, evidence indicates the association betweenstreptoccus mutans and dental caries. Despitethe phenomenal decrease in dental caries with the use of fluoride mouth rinses, varnishes, and professional cleaning millions of children in the world still remain at a risk of developing caries, particularly from lower socioeconomic background.
Caries vaccine definitely has a role to do in the future as it interferes with the metabolism of the major etiological agent.
Integrating the caries vaccine after its development into public health programs could be beneficial in bring dental caries to a minimal level.
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